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[57] ABSTRACT 
A method of forming a thin film for a semiconductor 
device, for forming a metal thin ?lm by chemical vapor 
deposition on an intermediate layer which is provided 
on a substrate, comprises the steps of activating the 
surface of the intermediate layer by introducing a halide 
gas of a metal for forming the thin ?lm onto the surface 
of the intermediate layer, forming nuclei on the surface 
of the intermediate layer by introducing a silane-system 
gas onto the activated surface of the intermediate layer, 
and introducing the halide gas and a reducing gas onto 
the surface of the intermediate layer formed with the 
nuclei, thereby depositing the metal thin ?lm on the 
surface of the intermediate layer. 

14 Claims, 10 Drawing Sheets 



US. Patent July 4, 1995 Sheet 1 of 10 5,429,991 

FIGJA 

AAAALAA 

L5,‘) 
FIGJB 

3 . 

Fri 
1 , 

FIGJC 
3 

W 



US. Patent July 4, 1995 Sheet 2 0f 10 5,429,991 

FIG .2A PRIOR ART 

FIGZB PRIOR ART 

F k 
a B 



US. Patent July 4, 1995 Sheet 3 of 10 5,429,991 

F103 

T3 
T3 PRIOR ART ' 
/ 

FILM 
THICKNESS 

J2 PRIOR ART 

261 PRIOR ART 

0 DEPOSITION TiME 



US. Patent July 4, 1995 Sheet 4 of 10 5,429,991 

“N :dx \ i3: \ \1 as’: Q\ 



5,429,991 US. Patent July 4, 1995 Sheet 5 of 10 

F165 

1.5 

0 EXAMPLE 

I CONVENTIONAL 
EXAMPLE 

A REFERENCE EXAMPLE 
(WITH ONLY 1ST-STEP 
TREATMENT) 

1.0 - 

Q 

FILM 
THICKNESS 

(Am) / 
/ 

0.5 - I/ 

// 0 l A 

// 1/ 
/ 

/ 
/ 

// 
, Q I 1 

0 s 10 15 

DEPOSITION TIME (min) 



5,429,991 US. Patent 

FIG .7 



5,429,991 US. Patent 

FIGS 



US. Patent July 4, 1995 Sheet 8 of 10 5,429,991 

FIGJQ 

3.0 — -_~A\ , 

‘A\T| 
-_ ‘A 

2.0 - 

INTENSITY 
(orb um’rs) m _ 

h on TiNl?SiZ/Si-Sub. 

0 ——s 
"200 ' 300 ' 1.00 ' 500 

TEMPERATURE c ) 

F161 1 

1000 ' e00‘ 600' 400' 200' 0 
BINDING ENERGY (eV) 





US. Patent July 4, 1995 Sheet 10 of 10 5,429,991 

[mm 



5,429,991 
1 

METHOD OF FORMING THIN FILM FOR 
SEMICONDUCTOR DEVICE 

This application is a Divisional, application of appli 
cation Ser. No. 07/561,631, ?led Aug. 2, 1990, US. Pat. 
No. 5,240,505. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a method of and an 

apparatus for forming a thin ?lm for a semiconductor 
device, and more speci?cally, it relates to a method of 
and an apparatus for forming a thin ?lm by chemical 
vapor deposition (hereinafter referred to as CVD) on a 
substrate, such as a semiconductor substrate or an insu 
lating ?lm provided on a semiconductor substrate, of a 
semiconductor device through an intermediate layer. 

2. Description of the Background Art 
In general, a wiring pattern for a semiconductor de 

vice is mainly formed of aluminum. In such a pattern of 
aluminum, however, projections called “hillocks” are 
grown in heat treatment after patterning, to cause elec 
trical shorting across wires and break interlayer isola 
tion ?lms. Further, the temperature for heat treatment 
performed after formation of the wiring pattern must be 
limited to about 450° C. since aluminum has a low melt 
ing point of about 600° C. Thus, a problem is caused in 
manufacturing. 

In recent years, therefore, metals having high melting 
points or silicides of such metals have been watched as 
wiring materials in substitution for aluminum. Among 
such materials, tungsten (W) has been positively sub 
jected to development as a material having a high melt 
ing point of 3370° C. and low speci?c resistance (bulk) 
of 5.6 tB; cm. To this end, an attempt has been made to 
form a thin ?lm of tungsten by CVD, which is excellent 
in step coverage. 
A thin ?lm of tungsten may be formed through CVD 

by a process of reducing tungsten hexa?uoride (WF5) 
with hydrogen (H2) or a process of reducing WF6 with 
silane (SiH4). Reaction formulas of such reduction pro 
cesses are as follows: 

ZWFe (s)+3SiH4 (QAZW ($)+3Sif4 (g)+6H2 (g) (2) 

where (g) and (s) represent gaseous and solid phases 
respectively. The process of reducing WF5 with H; is 
superior in step coverage to the process of reducing 
WF6 with SiH4. However, H2 is inferior to SiH4 in 
ability for reducing WF6, and hence the H2 reduction 
process is infeiior in deposition rate and nucleation 
power to the SiH4 reduction process. Therefore, it is 
necessary to increase the deposition temperature in the 
H2 reduction process. If the deposition temperature is 
increased, however, crystal grain size is excessively 
enlarged. Further, dif?culty of nucleation causes deteri 
oration of surface morphology and inferior homogene 
ity of ?lm thickness within the surface plane. Therefore, 
it is usually dif?cult to manufacture W-CVD according 
to the process of reducing WF6 with H2. Further, 
W-CVD has dif?culty in adhesive properties. 
A thin ?lm of tungsten formed by CVD is inferior in 

adhesion to an insulating ?lm. In general, therefore, an 
intermediate layer is provided on a substrate or an insu 
lating ?lm, so that the tungsten thin ?lm is formed on 
the intermediate layer. This intermediate layer is 
adapted to facilitate adherence of the tungsten thin ?lm. 
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Such an intermediate layer is prepared from an Si mate 
rial such as polysilicon (poly-Si), a silicide material of a 
metal having a high melting point such as tungsten 
silicide (W Six), a nitride of a metal having a high melt 
ing point such as titanium nitride (TiN), or the like. 
When polysilicon is employed, however, it is neces 

sary to dope an impurity corresponding to a junction 
layer of each contact, so that the steps are complicated. 
Further, the deposited tungsten thin film is inferior in 
surface morphology. 

Also when tungsten silicide is employed, the tungsten 
thin ?lm is inferior in surface morphology. 
As compared with the above cases of polysilicon and 

tungsten silicide, a tungsten thin ?lm deposited on an 
intermediate layer of titanium nitride has the advantage 
of being superior in surface morphology and excellent 
in adhesion. Further, titanium nitride has excellent 
properties as an underlayer for a CVD-W ?lm since the 
same serves as a barrier metal which can be in contact 
with both of P-type and N-type layers. 
However, it has been very dif?cult to form a tungsten 

film on such an intermediate layer of TiN by the con 
ventional CVD process through H2 reduction, due to 
problems of the deposition rate, homogeneity of ?lm 
thickness, surface morphology and the like, in particu 
lar. 

Japanese Patent Laying-Open Gazette No. 63-250463 
discloses a method of introducing a mixed gas of WF6 
and an inert gas, or a mixed gas of WF6 gas and H2 gas, 
for depositing a tungsten thin ?lm to a prescribed thick 
ness and thereafter introducing a gas containing WF6 
gas and a silane-system reducing gas for reducing the 
We gas with the silane-system reducing gas, thereby 
growing a metal thin ?lm. The tungsten thin film ini 
tially formed by introduction of the mixed gas of WF6 
gas and the inert gas or the mixed gas of WF6 gas and 
H2 gas has an excellent contact property with both of 
N-type and P-type diffusion layers. Further, the tung 
sten ?lm grown by the WF6 gas and the silane-system 
reducing gas in the second step is deposited at a high 
rate and hence the same can be increased in thickness. 
According to the method disclosed in the above ga 
zette, therefore, it is possible to implement a tungsten 
wiring ?lm which has an excellent contact property 
withboth of N-type and P-type diffusion layers with no 
leakage current. 
However, even if a tungsten ?lm is formed on an 

intermediate layer of TiN by the method disclosed in 
the aforementioned gazette, excellent step coverage 
cannot be attained dissimilarly to the H2 reduction pro 
cess, since the WF6 gas is reduced with the silane-sys 
tem reducing gas. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
method of and an apparatus for forming a thin film, 
which can form a thin ?lm having excellent surface 
morphology at a high deposition rate in a homogeneous 
thickness on an intermediate layer of a material, such as 
TiN, having dif?culty in depositing a tungsten ?lm 
through an H; reduction process. 
Another object of the present invention is to provide 

a method of and an apparatus for forming a thin ?lm, 
which can form a metal thin ?lm whose surface is 
smoothed with small surface roughness. 
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Still another object of the present invention is to 
provide a thin ?lm forming method which can reduce 
dusting during thin ?lm forming steps. 
The present invention provides a method of forming 

a metal thin ?lm on an intermediate layer, which is 
provided on a substrate, by chemical vapor deposition. 
The inventive method comprises the steps of activating 
the surface of the intermediate layer by introducing a 
halide gas of a metal for forming the thin ?lm onto the 
surface of the intermediate layer, forming nuclei on the 
surface of the intermediate layer by introducing a si 
lane-system gas onto the activated surface of the inter 
mediate layer, and introducing the halide gas and a 
reducing gas onto the surface of the intermediate layer 
on which the nuclei are formed, thereby depositing a 
metal thin film on the surface of the intermediate layer. 

In a preferred embodiment of the present invention, 
the metal thin ?lm is a tungsten thin ?lm, the halide gas 
is WF6 gas, and the silane-system gas is SiH4 gas. 

In the preferred embodiment, the intermediate layer 
is formed of TiN, for example. 

Preferably the reducing gas employed in the metal 
thin ?lm depositing step is prepared from H; gas. 
According to the present invention, the substrate on 

which the metal thin ?lm is formed through the inter 
mediate layer is a semiconductor substrate or an insulat 
ing ?lm which is formed above a semiconductor sub 
strate. 
According to the present invention, the silane-system 

gas is introduced onto the activated surface of the inter 
mediate layer, thereby forming nuclei on the surface of 
the intermediate layer. These nuclei facilitate formation 
of nuclei of a metal in an initial stage of forming a metal 
thin ?lm through a reduction process in accordance 
with CVD. According to the inventive method, there 
fore, it is possible to obtain a metal thin ?lm which has 
a high deposition rate, good homogeneity of ?lm thick 
ness and excellent surface morphology. 
The present invention is particularly useful for form 

ing a tungsten thin ?lm. However, the present invention 
is not restricted to the tungsten thin ?lm but is also 
applicable to ?lms of metals shown in Table l, in addi 
tion to tungsten. 

TABLE 1 
Thin Film Soruce Gas 

W W(C0)s H2, $iH4 
WC16 
WFs 

Mo Mo(C0)6 H2, SiH4 
M0015 
MoF6 

WSiZ WF6 SiH4 
WC16 H2 

SiHzClz 
MoSiz MoF6 SiH4, H2 

MoCl5 
TaSiz TaCl5 SiH4, H2 

SiI-IZCIZ 
TiSiz TiCl4 SiH4, H2 

According to the present invention, the material for 
the intermediate layer is not restricted to TiN. Alterna 
tively, the intermediate layer may be prepared from 
TiW, a metal having a high melting point or a silicide 
thereof, a nitride having a high melting point, or the 
like. The advantage of the present invention is further 
prompted particularly with respect to an intermediate 
layer which shows no surface catalytic action in deposi 
tion of the metal thin ?lm. 
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4 
The silane-system gas employed for the nucleation 

process may be prepared from disilane (Si2H6) or the 
like, in substitution for the SiH4 gas. 

In a ?rst preferred aspect of the present invention, the 
halide gas of the metal for forming the thin ?lm is intro 
duced in a state of arranging a metal face of the same 
metal as that of the thin ?lm close to the surface of the 
intermediate layer. In this aspect, the metal face is thus 
arranged close to the surface of the intermediate layer in 
order to activate the intermediate layer in the above 
described ?rst step and make disproportionate reaction 
between the metal face and the halide gas participate in 
nuclei formation. In formation of a tungsten thin ?lm 
using WF6, for example, the following disproportionate 
reaction takes place: 

The gas WF3 generated by the aforementioned dis 
proportionate reaction is diffused on the surface of the 
intermediate layer, and adsorbed onto the TiN layer, 
which is the intermediate layer. In addition to the afore 
mentioned WF3 gas, a gas composed of WF,, (1 éxéS, 
x: integer) may also be generated by the disproportion 
ate reaction, and similarly adsorbed onto the TiN layer. 

It is conceivable that the WF6 gas also directly reacts 
with the TiN layer, which is the intermediate layer, to 
generate materials, such as TiW, WN, TiFx and the like, 
for example, serving as precursors for the nuclei, on the 
TiN layer. 
The silane-system gas introduced in the second step 

reacts with WFX adsorbed onto the TiN layer in the 
aforementioned manner and TiW etc., which are reac 
tion products of TiN and WF5, to precipitate Si-system 
nuclei such as those of WSiy. In the subsequent step, 
reaction between WF6 and H2 is facilitated by a surface 
catalytic action of the nuclei thus precipitated, thereby 
prompting deposition of the tungsten thin ?lm. 
According to the present invention, the nuclei show 

ing a surface catalytic action for deposition of the tung 
sten thin ?lm are intentionally formed on the intermedi 
ate layer in advance of the deposition reaction, whereby 
the deposition rate is increased and the thin ?lm can be 
deposited in a homogeneous ?lm thickness. Further, it is 
possible to obtain the tungsten thin ?lm having excel 
lent surface morphology. According to the aspect of 
arranging the metal face above the surface of the inter 
mediate layer, in particular, it is possible to homoge 
neously adsorb WFx generated by disproportionate 
reaction onto the intermediate layer, thereby homoge 
neously precipitating the nuclei on the intermediate 
layer. 
An apparatus according to this aspect comprises a 

vmetal face member which is arranged above the surface 
of an intermediate layer to be opposite to the surface of 
the intermediate layer, and a face member support for 
supporting the metal. face member. 
The face member support is preferably provided with 

a heater for controlling the temperature of the metal 
face member. It is possible to control disproportionate 
reaction between an introduced halide gas and the metal 
forming the metal face member by controlling the tem 
perature of the metal face member with the heater. 
The face member support is preferably movably pro 

vided, in order to adjust the distance between the sur 
face of the intermediate layer and the metal face mem 
ber. According to this embodiment, it becomes possible 
to control the diffusion of nuclear precursor produced 
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as the result of the disproportionate reaction to the 
substrate. 
The metal face member may be formed by a substrate 

which is coated with a metal ?lm, or a bulk metal plate. 
Further, the metal face member, which is not limited to 
round-shape, is preferably optimized in both of size and 
shape to control the diffusion of nuclear precursor to 
the substrate. 
An apparatus according to a second aspect of the 

present invention comprises a pretreatment chamber for 
performing pretreatment on the surface of an intermedi 
ate layer, and a deposition chamber, which is indepen 
dent of the pretreatment chamber, for depositing a 
metal thin ?lm on the surface of the pretreated interme 
diate layer. According to the second aspect of the pres 
ent invention, the inner surface of the deposition cham 
ber is formed of a material which shows no surface 
catalytic action with respect to reaction for depositing 
the metal thin ?lm. 
When the metal thin ?lm is made of tungsten, such a 

material is prepared from quartz, SiC, or ceramics, for 
example. 

If the metal thin ?lm is formed of tungsten, pretreat 
ment includes activation with WF6 gas and nucleation 
with SiH4 gas, for example. In this case, the pretreat 
ment chamber may be independently provided with a 
pretreatment chamber for the activation step and an 
other pretreatment chamber for the nucleation step. 
According to the apparatus of the second aspect, the 

inner surface of the deposition chamber is formed of the 
material showing no surface catalytic action with re 
spect to reaction for depositing the metal thin ?lm, 
whereby no metal thin ?lm is deposited on the inner 
surface of the deposition chamber except on the sub 
strate transported from the pretreatment chamber, on 
which the nuclei have been already formed. Thus, the 
deposition chamber is prevented from dusting, and 
hence the interior of the deposition chamber is regularly 
maintained clean, thereby improving the yeild and the 
like. 
These and other objects, features, aspects and advan 

tages of the present invention will become more appar 
ent from the following detailed description of the pres 
ent invention when taken in conjunction with the ac 
companying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a sectional view showing a state of an 
intermediate layer on which nuclei are formed accord 
ing to the inventive method; 
FIG. 1B is a sectional view showing an state of 

a metal thin ?lm deposited on the intermediate layer on 
which nuclei are formed according to the inventive 
method; 
FIG. 1C is a sectional view showing a state of the 

metal thin ?lm deposited on the intermediate layer on 
which nuclei are formed according to the inventive 
method; 
FIG. 2A is a sectional view showing an initial state of 

a metal thin ?lm formed on an intermediate layer ac 
cording to a conventional method with no pretreat 
ment; 
FIG. 2B is a sectional view showing a state of the 

metal thin ?lm deposited on the intermediate layer ac 
cording to the conventional method with no pretreat 
ment; 
FIG. 3 illustrates relations between ?lm thicknesses 

and deposition times of metal thin ?lms deposited ac 
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6 
cording to the present invention and a conventional 
method; 
FIG. 4 is a schematic block diagram showing an 

apparatus employed in an embodiment of the present 
invention; 
FIG. 5 illustrates relations between ?lm thicknesses 

and deposition times of metal thin ?lms according to the 
embodiment of the present invention and conventional 
and comparative methods; 
FIG. 6 is a plan view showing a sheet resistivity map 

of a metal thin ?lm according to the embodiment of the 
present invention; 
FIG. 7 is a plan view showing a sheet resistivity map 

of a metal thin ?lm obtained according to a conven 
tional method; 
FIG. 8 is a plan view showing a sheet resistivity map 

of a comparative metal thin ?lm subjected to ?rst step 
treatment alone; 
FIG. 9 is a plan view showing a sheet resistivity map 

of a comparative metal thin ?lm subjected to second 
step treatment alone; 
FIG. 10 illustrates treatment temperature depen 

dency states of Ti signal strength and W signal strength 
on the surfaces of intermediate layers subjected to ?rst 
step treatment in the embodiment of the present inven 
tion; 
FIG. 11 illustrates results of analysis made on sur 

faces of intermediate layers subjected to ?rst step treat 
ment and second step treatment through ESCA in the 
embodiment of the present invention; 
FIG. 12 is a schematic block diagram showing an 

apparatus in another embodiment according to a second 
aspect of the present invention; and 
FIG. 13 is a sectional view showing an exemplary 

semiconductor device to which a metal thin ?lm formed 
according to the present invention is applied. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1A is a sectional view showing a state of an 
intermediate layer on which nuclei are formed accord 
ing to the inventive method. Referring to FIG. 1A, 
Si-system nuclei 2 are formed on a TiN layer 1. The 
Si-system nuclei 2 are formed in the following manner: 
First, WF6 gas is introduced onto the TiN layer 1. This 
WF5 gas reacts with the surface of the TiN layer 1, and 
activates the surface of the TiN layer 1. Then, a silane 
system gas is introduced onto the TiN layer 1, so that 
reactants on the surface of the TiN layer 1 react with 
the silane-system gas, thereby forming the Si-system 
nuclei 2. 
FIG. 1B is a sectional view showing an initial state of 

a metal thin ?lm deposited on the intermediate layer on 
which the nuclei are formed according to the inventive 
method. Referring to FIG. 1B, a tungsten thin ?lm 3 is 
deposited on the TiN layer 1 in a homogeneous thick 
ness. According to the present invention, a large num 
ber of Si-system nuclei 2 are formed on the TiN layer 1 
in high concentration, whereby the tungsten thin ?lm 3 
can be formed in a homogeneous thickness. 
FIG. 1C is a sectional view showing a state of the 

metal thin ?lm deposited on the intermediate layer on 
which nuclei are formed according to the inventive 
method. Referring to FIG. 1C, the tungsten thin ?lm 3 
is deposited on the TiN layer 1 in a homogeneous thick 
ness. Thus, the surface of the tungsten thin ?lm 3 is 
smoothed. 
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As described above, the tungsten thin ?lm 3 can be 
formed on the TiN layer 1 in a homogeneous thickness 
with a smooth surface. Further, the deposition rate can 
be increased since a large number of nuclei 2 have been 
formed on the TiN layer 1 before deposition of the 
tungsten thin ?lm 3. 
FIG. 2A is a sectional view showing an initial state of 

a metal thin ?lm which is formed on an intermediate 
layer by a conventional method with no pretreatment. 
Referring to FIG. 2A, tungsten nuclei 5 are formed on 
a TiN layer 4. According to the conventional method, 
no nuclei have been formed on the TiN layer 4 to show 
a surface catalytic action for reaction for depositing a 
tungsten ?lm, and hence nuclei are heterogeneously 
precipitated by direct reaction between WF6 and H2 in 
the initial stage of deposition reaction in the form of the 
sparse tungsten nuclei 5 shown in FIG. 2A. The precipi 
tated tungsten nuclei 5 serve the subsequent reaction 
between WF6 and H; as nuclei showing a surface cata 
lytic action, and a tungsten thin ?lm is deposited 
thereon. 
FIG. 2B is a sectional view showing a state of a metal 

thin ?lm which is deposited on the intermediate layer 
according to the conventional method with no pretreat 
ment. Referring to FIG. 2B, a tungsten thin ?lm 6 hav 
ing a heterogeneous thickness is deposited on the TiN 
layer 4. Since the tungsten nuclei 5 serving as nuclei for 
precipitation of the tungsten thin ?lm 6 have been heter 
ogeneously and sparsely formed on the TiN layer 4 as 
shown in FIG. 2A, the tungsten thin ?lm 6 has a hetero 
geneous thickness. Consequently, the tungsten thin ?lm 
6 has a rough surface. 
FIG. 3 illustrates relations between thicknesses and 

deposition times of metal thin ?lms deposited according 
to the present invention and the conventional method. 
Referring to FIG. 3, solid lines represent those accord 
ing to the inventive method and broken lines represent 
those according to the conventional method. Symbols 
T3, T2 and T1 respectively represent the deposition 
temperatures, which are in relations of T3>T2>T1. 
The deposition temperatures are within a range of 400° 
to 600° C. Referring to FIG. 3, there is a lag time, i.e., 
an induction period between starting of introduction of 
WF6 gas and H2 gas and starting of actual deposition of 
a tungsten thin ?lm in each sample according to the 
conventional method. It means that a time is required 
for tungsten nuclei, which are produced as the result of 
the direct reaction between WF6 and H2 and can serve 
as catalysts, to be grown into prescribed concentration 
and dimensions for showing a catalytic action since the 
surface of the TiN layer is inactive as a catalyst. Ac 
cording to the inventive method, on the other hand, 
there is no such induction period. Deposition of the 
tungsten thin ?lm is immediately started upon starting 
of introduction of WF6 gas and H2 gas. This is because 
Si-system nuclei have already been formed on the sur 
face of the TiN layer in active states for serving as 
catalysts. 
FIG. 4 is a schematic block diagram showing an 

apparatus employed in an embodiment of the present 
invention. Referring to FIG. 4, a substrate support 11 is 
provided in a reaction vessel 10. A substrate 14 is placed 
on the substrate support 11. This substrate 14 has a TiN 
layer on its surface as an intermediate layer. A tungsten 
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?lm 13 is formed on the surface of the substrate support 
11. This tungsten ?lm 13 has been formed as the result 
of deposition of a tungsten ?lm on another substrate in 
a preceding operation. When the substrate support 11 is 
newly employed, therefore, no tungsten ?lm is present 
on its surface. However, the inventors have found that 
the tungsten ?lm 13 is preferably formed on the surface 
of the substrate support 11, in order to effectively facili 
tate deposition of tungsten ?lms. This means that the 
disproportionate reaction participates in the process of 
forming nuclei. Therefore, the inventors previously 
form the tungsten ?lm 13 on the surface of the substrate 
support 11 before placing the substrate 14 thereon when 
the substrate support 11 is newly employed. Thus, the 
substrate 14 is placed on the substrate support 11 which 
is provided thereon with the tungsten ?lm 13. 
A heater 12 is provided in the substrate support 11 for 

heating the substrate 14. An inlet port 15 is provided on 
one side of the reaction vessel 10, in order to introduce 
source gases. An exhaust port 16 is provided on another 
side of the reaction vessel 10. In activation treatment 
(hereinafter referred to as “?rst step treatment”) with 
introduction of WF6 gas, the WF6 gas is introduced into 
the reaction vessel 10 from the inlet port 15 with an 
inert gas serving as a carrier gas. After the surface of the 
TiN layer provided on the substrate 14 is activated, the 
gases are exhausted from the exhaust port 16. In nucle 
ation treatment (hereinafter referred to as “second step 
treatment”) with SiH4 gas, the SiH4 gas is introduced 
into the reaction vessel 10 with an inert gas serving as a 
carrier gas, to form nuclei on the surface of the TiN 
layer which is provided on the substrate 14. Thereafter 
the gases are exhausted from the exhaust port 16. 
Then, WF6 gas and H7, gas are introduced into the 

reaction vessel 10 from the inlet port 15, to deposit a 
tungsten thin ?lm on the TiN layer provided on the 
substrate 14. After the deposition, the gases are ex 
hausted from the reaction vessel 10 through the exhaust 
port 16. 
The apparatus shown in FIG. 4 was experimentally 

used to deposit a tungsten thin ?lm. WF6 gas and Ar 
gas, serving as a carrier gas, were introduced at gas ?ow 
rates of 300 SCCM and 500 SCCM respectively for 120 
seconds under conditions of 450° C. and 0.2 Torr, to 
carry out the ?rst step treatment for activating the sur 
face of a TiN layer. 
Then, introduction of theWF6 gas was stopped and 

the reaction vessel 10 was evacuated through the ex 
haust port 16, to eliminate the WF6 gas. Thereafter 
SiH4 gas and Ar gas were introduced into the reaction 
vessel 10 at gas ?ow rates of 100 SCCM and 500 SCCM 
respectively for 120 seconds, to carry out the second 
step treatment of forming silicon nuclei on the activated 
surface of the TiN layer. 
Then, introduction of the SiH4 gas was stopped and 

the chamber was maintained at 0.8 Torr and 450° C., to 
introduce Ar gas at a gas flow rate of 100 SCCM while 
introducing WF6 gas and H2 gas at gas ?ow rates of 300 
SCCM for 300 seconds. A tungsten thin ?lm of about 
4000 A in thickness was formed on the TiN layer by the 
H2 reduction process. 

Table 2 shows the aforementioned thin ?lm forming 
conditions. 
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TABLE 2 
Condition Film 

Gas Flow Rate QSCCM! Pressure Temperature Time Thickness 
WF6 SiH4 H2 Ar (Torr) ('C.) (see) (A) 

1st Stop Treatment 300 — -- 500 0.2 450 120 — 
2nd Stop Treatment —- 100 -- 500 120 — 

H2 Reduction 300 — 3000 100 0.8 300 4000 
W Deposition 

The thickness of the as-formed tungsten thin ?lm was 
measured by SEM observation. The measurement was 
made in the vicinity of a center of a 6-inch substrate. 
FIG. 5 shows relations between ?lm thicknesses and 

deposition times of tungsten thin ?lms deposited on TiN 
layers. Each TiN layer was ‘deposited on a thermal 
oxidation ?lm (SiOg) of 5000 A in thickness formed on 
an Si substrate, or a P-type Si substrate using reactive 
sputtering, and then subjected to heat treatment in a 
nitrogen atmosphere of 800° C. for 30 seconds. 
FIG. 5 also shows the results of conventional samples 

whose tungsten thin ?lms were formed by directly sup 
plying WF6 gas and H2 gas without carrying out the 
?rst step treatment and the second step treatment, and 
comparative samples whose tungsten thin ?lms were 
deposited after carrying out the ?rst step treatment 
alone. Pretreatment and thin ?lm forming conditions 
were as shown in Table 2. 

Referring to FIG. 5, symbols. , I and‘ represent 
the inventive samples, the conventional samples and the 
comparative samples respectively. As shown in FIG. 5, 
each of the conventional and comparative samples ex 
hibited an induction period of about seven minutes, 
which caused no deposition of a tungsten ?lm upon 
introduction of WF6 gas and H2 gas. This may be re 
garded as a time required for forming nuclei enabling 
deposition of a thin ?lm. Thus, it is easily supposed from 
this example that TiN is a material which has dif?culty 
in forming tungsten nuclei. According to the inventive 
sample, on the other hand, deposition of a tungsten ?lm 
was started immediately upon introduction of WF6 gas 
and H2 gas substantially with no induction period. Con 
sequently, it is possible to form a tungsten ?lm having a 
thickness of 400 A under the conditions shown in Table 
2 in about ?ve minutes according to the present inven 
tion, while it requires about 12 minutes according to the 
conventional method. 

Sheet resistivity values were measured after lapses of 
?ve minutes for depositing tungsten thin ?lms. FIG. 6 is 
a plan view showing a sheet resistivity map of a thin 
?lm obtained according to the present invention. FIG. 7 
is a plan view showing a sheet resistivity map of a metal 
thin ?lm according to a conventional sample, which 
was formed without carrying the ?rst step treatment 
and the second step treatment. FIG. 8 illustrates a sheet 
resistivity map of a thin ?lm, which was subjected to the 
?rst step treatment alone. FIG. 9 is a plan view showing 
a sheet resistivity map of a thin ?lm according to a 
comparative sample, which was subjected to the second 
step treatment alone. 

Referring to FIGS. 6 to 9, the lines represent contour 
lines of the resistivity values. Referring to FIGS. 7 to 9, 
hatched central parts represent portions substantially 
provided with no tungsten thin ?lms. 
As shown in FIG. 6, the tungsten thin ?lm formed 

according to' the present invention is homogeneous in 
thickness through the whole surface of the substrate of 
6 inches. In the comparative and conventional samples, 
on the other hand, no flms were deposited on the cen 
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tral portions although tungsten thin ?lms were formed 
on peripheral portions. While the deposition regions 
progress from the peripheral portions to the central 
portions with increase of deposition times, it is impossi 
ble to form homogeneous ?lms in accordance with the 
conventional and comparative samples since initial ho 
mogeneity is re?ected on the ?lms. 
FIG. 10 illustrates treatment temperature depen 

dency states of Ti signal strength and W signal strength 
on the surfaces of intermediate layers subjected to the 
?rst step treatment in the embodiment according to the 
present invention, which are measured by x-ray ?uore 
scanse analysis. The first step treatment was carried out 
at various temperatures shown in FIG. 10, and the sur 
faces of the as-formed intermediate layers were esti 
mated through ?uorescent X-rays, thereby measuring 
Ti signal strength and W signal strength. Referring to 
FIG. 10, Ti signal strength and W signal strength sub 
stantially remained unchanged at temperatures of not 
more than 300° C., i.e., in selective CVD-W formation 
temperature regions. However, at temperatures in ex 
cess of 400° C., i.e., in blanket CVD-W formation tem 
perature regions which are noted in the present inven 
tion, the W signal strength was abruptly increased. It 
means that TiN and WF5 reacted with each other in the 
?rst step treatment. 
FIG. 11 illustrates the results of analysis through 

ESCA (electron spectroscopy for chemical analysis) 
made on the surface of intermediate layers which were 
subjected to the ?rst step treatment and the second step 
treatment in the embodiment according to the present 
invention. Referring to FIG. 11, symbol a represents the 
spectrum on the surface of a TiN layer which was sub 
jected to the ?rst step treatment, and symbol b repre 
sents the spectrum on the surface of a TiN layer which 
was subjected to the ?rst step treatment and thereafter 
supplied with H; gas for 120 seconds. Symbol c repre 
sents the spectrum on the surface of a TiN layer which 
was subjected to the ?rst step treatment and thereafter 
subjected to the second step treatment with introduc 
tion of SiH4 gas for 120 seconds according to the pres 
ent invention. As shown in FIG. 11, Si peaks were 
observed on the surface of the TiN layer which was 
subjected to the ?rst step treatment and the second step 
treatment according to the present invention. On the 
other hand, no such Si peaks were observed in the com 
parative samples a and b. It is obvious from FIG. 10 and 

' the spectrum a in FIG. 11 that tungsten is introduced 
60 
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onto the surface of a TiN layer by the ?rst step treat 
ment. As shown in FIG. 8, however, the e?'ect of the 
present invention cannot be attained through the ?rst 
step treatment alone. Thus, the ?rst step treatment of 
introducing tungsten onto the TiN layer is still insuf? 
cient, and it is necessary to introduce silicon onto the 
surface of the TiN layer by carrying out the second step 
treatment after the ?rst step treatment. It is conceivable 
that Si-system nuclei thus introduced through the sec 
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0nd step treatment facilitate nucleation in the initial 
process of formation of the tungsten thin ?lm. Accord 
ing to the present invention, it is possible to deposit a 
tungsten thin ?lm with no induction period. This may 
be because the Si-system material effectively facilitates 
nucleation for forming the tungsten thin ?lm. 
According to this embodiment, as hereinabove de 

scribed, WF6 gas is ?rst introduced to activate the sur 
face of the TiN ?lm and then SiH4 gas is introduced to 
form Si-system nuclei on the activated surface of the 
TiN ?lm, in advance of deposition of the tungsten thin 
?lm. Due to such formation of the Si nuclei, no induc 
tion period is required in deposition of the tungsten ?lm, 
homogeneity of the ?lm thickness is improved, and 
surface morphology of the tungsten thin ?lm is im 
proved. 
According to the present invention, it is possible to 

form a tungsten thin ?lm of high quality on an interme 
diate layer such as a TiN layer being dif?cult for W 
CVD. The inventors have found that reaction between 
WF6 and tungsten can contribute to nucleation in the 
?rst step treatment according to the present invention, 
in addition to reaction between WF6 and TiN. “A 
Mechanism for Selectivity Loss during Tungsten 
CVD” by J. R. Creighton, J. Electrochem. Soc., Vol. 
136, No. 1, January 1989, p. 271 describes a cause for 
selectivity loss of selective tungsten-CVD system on 
an insulating ?lm by Si reduction of a WF6 substrate or 
the like. This literature states that WFx is generated by 
disproportionate reaction between tungsten formed in a 
contact hole and WF6, such that the generated WFx is 
adsorbed onto the insulating ?lm to form nuclei, 
thereby reducing selectivity of tungsten. The inventors‘ 
have found that such disproportionate reaction between 
tungsten and WF6 can also contribute to formation of 
nuclei on an intermediate layer in blanket W-CVD 
system, to which the present invention is directed. Ac 
cording to one preferred aspect of the present inven 
tion, a halide gas is introduced in a state of arranging a 
metal face the same metal as that of a thin ?lm close to 
the surface of an intermediate layer. The metal face is 
thus arranged close to the surface of the intermediate 
layer so as to utilize disproportionate reaction caused 
between the metal face and the halide gas for nuclear 
formation on the substrate. A gas generated by such 
disproportionate reaction is adsorbed onto the surface 
of the intermediate layer, to form precursors for nuclei. 
In the method of the embodiment using the apparatus 
shown in FIG. 4, the tungsten ?lm 13 formed on the 
surface of the substrate support 11 may take part in such 
disproportionate reaction. Namely, it is conceivable 
that the tungsten film 13 formed on the surface of the 
substrate support 11 disproportionately reacts with 
WF6 to generate WFx, which is adsorbed onto the sur 
face of the TiN layer provided on the substrate 14 and 
forms nuclei or precursors for nuclei. In the case of the 
apparatus shown in FIG. 4, therefore, the WP; gas 
generated by such disproportionate reaction is intro 
duced from the periphery of the substrate 14. Conse 
quently, the WP,‘ gas is adsorbed by the peripheral 
portion of the substrate 14, to form nuclei. Referring to 
FIGS. 6 to 9, it is conceivable that the thicknesses of the 
tungsten thin ?lms are increased around the substrates 
in the case of using the apparatus shown in FIG. 4 be 
cause of adsorption of WF, generated by such dispro 
portionate reaction. The inventors have found that a 
metal face member may be oppositely arranged above 
the surface of the intermediate layer, so that WFx is 
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homogeneously adsorbed onto the surface of the inter 
mediate layer. Thus, the degrees of freedom of WFx in 
the direction of providing to the surface of intermediate 
layer are increased to improve controllability. 
An apparatus according to a second aspect of the 

present invention comprises a pretreatment chamber for 
performing pretreatment on the surface of an intermedi 
ate layer and a deposition layer, which is independent of 
the pretreatment chamber, for depositing a metal thin 
?lm, and the inner surface of the deposition chamber is 
formed of a material which shows no surface catalytic 
action with respect to reaction for depositing the metal 
thin ?lm. 
FIG. 12 is a schematic block diagram showing an 

apparatus in an embodiment according to the second 
aspect of the present invention. Referring to FIG. 12, a 
reaction vessel is divided into three parts of a WF6 
pretreatment chamber 21, an SiH4 pretreatment cham 
ber 22 and a tungsten ?lm deposition chamber 23. A 
substrate stand 24 is provided in the WF6 pretreatment 
chamber 21, and a substrate 25 is placed on the substrate 
stand 24. A tungsten plate member, serving as a metal 
face member 30, is provided above the substrate 25, and 
supported by a face member support 31. The face mem 
ber support 31 is provided to be movable in the vertical 
direction to increase controllability, and a heater 32 is 
provided in the face member support 31. The WF6 
pretreatment chamber 21 is provided with an inlet port 
27 for introducing a mixed gas of WF6 gas and a carrier 
gas, and an exhaust port 28 for exhausting the mixed gas 
from the WF6 pretreatment chamber 21 to the exterior. 
The SiH4 pretreatment chamber 22 is provided adja 

cently to the WF6 pretreatment chamber 21. A substrate 
stand 33 is provided in this SiH4 pretreatment chamber 
22, and a heater 34 is provided in the substrate stand 33 
for heating a substrate which is placed on the substrate 
stand 33. The SiH4 pretreatment chamber 22 is further 
provided with an inlet port 35 for introducing a mixed 
gas of SiH4 gas and a carrier gas, and an exhaust port 36. 
A transfer door 37 is provided between the WF6 pre 
treatment chamber 21 and the SiH4 pretreatment cham 
ber 22. 
The tungsten ?lm deposition chamber 23 is provided 

adjacently to the SiH4 pretreatment chamber 22. A 
substrate stand 38 is provided in the tungsten film depo 
sition chamber 23, and a heater 39 is provided in the 
substrate stand 38 for heating a substrate which is 
placed thereon. The tungsten ?lm deposition chamber 
23 is further provided with an inlet port 40 for introduc 
ing WF6 gas and H2 gas, and an exhaust port 41 for 
exhausting the gases to the exterior. Another transfer 
door 42 is provided between the SiH4 pretreatment 
chamber 22 and the tungsten ?lm deposition chamber 
23. The inner surface of the tungsten ?lm deposition 
chamber 23 is formed of a material which shows no 
surface catalytic action with respect to reaction for 
depositing a tungsten ?lm. Such a material can be pre 
pared from quartz, SiC or ceramics, for example. 
The WF5 pretreatment chamber 21 is provided with a 

load locking mechanism 44,‘and a loading door 29 is 
provided between the load locking mechanism 44 and 
the WF6 pretreatment chamber 21. The tungsten ?lm 
deposition chamber 23 is provided with another load 
locking mechanism 45, and an unloading door 43 is 
provided between the load locking mechanism 45 and 
the tungsten ?lm deposition chamber 23. 
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Although no mechanism for transferring the substrate 
25 is shown in FIG. 12, a generally used transfer mecha 
nism can be employed for transferring the substrate 25. 
The substrate 25, which is prepared by forming a TiN 

layer on a silicon substrate similarly to the aforemen 
tioned embodiment, is ?rst introduced into the load 
locking mechanism 44 under prescribed conditions, and 
thereafter passed through the loading door 29 and 
placed on the substrate stand 24 which is provided in 
the WF5 pretreatment chamber 21. The WF6 gas is 
introduced into the WF6 pretreatment chamber 21 with 
the carrier gas through the inlet port 27. The introduced 
WF6 gas reacts with the TiN layer which is provided on 
the substrate 25, and forms the aforementioned reaction 
product on its surface. At the same time, the WF6 gas 
disproportionately reacts with tungsten contained in the 
metal face member 30 which is provided above the 
substrate 25, and generates WFx. The generated WFx is 
absorbed onto the surface of the TiN layer which is 
provided on the substrate 25. Thus, the material form 
ing precursors for nuclei is adsorbed onto the surface of 
the TiN layer. At this time, the temperature of the sub 
strate 25 can be adjusted by the heater 26. Further, the 
temperature of the metal face member 30 can be inde 
pendently controlled by the heater 32, which is pro 
vided in the face member support 31 supporting the 
metal face member 30, thereby controlling the dispro 
portionate reaction. After such ?rst step treatment, the 
gases are exhausted from the exhaust port 28, and the 
substrate 25 thus subjected to the ?rst step treatment is 
passed through the transfer door 37 and introduced into 
the SiI-I4 pretreatment chamber 22, so that the same is in 
contact with no air. 

In the SiH4 pretreatment chamber 22, SiH4 gas is 
introduced form the inlet port 35 with a carrier gas. The 
precursors for nuclei formed on the TiN surface of the 
substrate 25 are formed by the SiH4 gas, to be Si-system 
nuclei. After such second step treatment, the gases are 
exhausted to the exterior from the exhaust port 36. The 
substrate 25 thus provided with the nuclei is passed 
through the transfer door 42 and introduced into the 
tungsten ?lm deposition chamber 23, so that the same is 
in contact with no air in order to maintain the catalytic 
activity. 

In the tungsten ?lm deposition chamber 23, WF6 gas 
and H2 gas are introduced from the inlet port 40. Thus, 
the WF6 gas is reduced with the H2 gas, to deposit a 
timgsten ?lm on the surface of the TiN intermediate 
layer provided on the substrate 25. Since the Si-system 
nuclei are already formed on the surface of the TiN 
layer, the reduction of WF6 with H; is easily performed 
and a dense tungsten ?lm can be deposited in a short 
time. The inner surface of the tungsten ?lm deposition 
chamber 23 is formed of a material such as quartz, SiC, 
ceramics or the like, which shows no surface catalytic 
action against the reaction for forming the tungsten 
?lm. Therefore, no tungsten ?lm that may cause dusting 
is deposited on the inner surface of the tungsten ?lm 
deposition chamber 23. Thus, the interior of the tung 
sten ?lm deposition chamber 23 can be regularly main 
tained clean. 
The substrate 25 thus provided with the tungsten ?lm 

is passed through the unloading door 43, and introduced 
into the load locking mechanism 45. 

In the apparatus according to this embodiment, the 
metal face member 30 for disproportionate reaction is 
provided above the substrate 25 in the WF6 pretreat 
ment chamber 21. Since the metal face member 30 is 
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opposite to the surface of the TiN layer provided on the 
substrate 25, WP,‘ generated by disproportionate reac 
tion between the metal face member 30 and the WF6 gas 
is uniformly adsorbed onto the surface of the TiN layer 
being controlled. Thus, WFx is prevented from partial 
adsorption on the peripheral portion, dissimilarly to the 
case of using the apparatus shown in FIG. 4. WP,‘ is 
thus uniformly adsorbed on the surface of the TiN 
layer, whereby nuclear concentration is homoge 
neously distributed on the substrate surface, and the 
tungsten ?lm is deposited in a homogeneous thickness 
within the surface plane. As the result of such high 
nuclear concentration and homogeneous distribution, 
surface smoothness of the deposited tungsten ?lm is also 
improved. 
The inner surface of the tungsten ?lm deposition 

chamber 23 is formed of the material which has no 
surface catalytic action with respect to the reaction for 
forming the tungsten ?lm. Thus, no tungsten ?lm is 
deposited on the inner surface of the tungsten ?lm depo 
sition chamber 23, and it is possible to greatly reduce 
dusting which is produced by removal of the deposited 
W on the inner surface. When the apparatus shown in 
FIG. 4 is employed, a tungsten ?lm is deposited on the 
inner surface of the reaction vessel 10, especially on the 
tungsten ?lm on the substrate support 11. The thickness 
of this tungsten ?lm is increased every time a tungsten 
?lm is formed on an intermediate layer which is pro 
vided on a substrate. Therefore, the tungsten ?lm is 
separated from the wall surface as tungsten film forma 
tion is repeated, to cause dusting. In the apparatus 
shown in FIG. 11, the tungsten ?lm on the inner surface 
of chamber, which plays an important role as mentioned 
above, is also a source of dusting. Thus, it is necessary to 
frequently clean the reaction vessel 10, and hence the 
operation rate is reduced. However, the apparatus 
shown in FIG. 12 prevents such dusting, and there is no 
need to clean the vessel, while the operation rate can be 
increased. 
Although the apparatus shown in FIG. 12 is of a sheet 

type for treating substrates one by one, the present 
invention may also be applied to a batch type apparatus. 
An inert gas such as Ar gas, He gas or N2 gas can be 

employed as a carrier gas for WF6 gas or SiH4 gas. In 
the apparatus shown in FIG. 12, the heater 32 for con 
trolling the temperature of the metal face member 30 is 
provided in the face member support 31. Thus, it is 
possible to independently control the temperature of the 
metal face member 30. In the apparatus shown in FIG. 
4, on the other hand, the tungsten ?lm 13 is provided on 
the surface of the substrate support 11, and there is such 
possibility that a temperature of substrate 14 is simulta 
neously changed by controlling the temperature of the 
tungsten ?lm 13. 
According to the second aspect of the present inven 

tion, the metal face member for disproportionate reac 
tion is independently provided, whereby the con?gura 
tion, the size, the distance from the substrate, the posi 
tion of installation etc. of the metal face member can be 
adjusted in various ways, thereby controlling distribu 
tion of WFx adsorption on the substrate surface. 
Although the apparatus shown in FIG. 12 is divided 

into three chambers, the same may alternatively be 
divided into two chambers. For example, the WF6 pre 
treatment chamber and the Sill-I4 pretreatment chamber 
may be integrated into one pretreatment chamber. In 
this case, gases are entirely exhausted from the chamber 
upon completion of the ?rst step treatment, to thereaf 
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ter carry out the second step treatment. At this time, no 
silicon ?lm is deposited on the metal face member for 
disproportionate reaction because pyrolysis of SiH4 
does not occur under an ordinary pretreatment temper 
ature. 

Alternatively, the SiH4 pretreatment chamber and 
the tungsten ?lm deposition chamber may be integrated 
into one chamber. In this case, the ?rst step treatment is 
completed in the WF6 pretreatment chamber, and then 
the substrate is transferred into the tungsten ?lm deposi 
tion chamber and subjected to the second step treat 
ment. At this time, no silicon ?lm is deposited in the 
tungsten ?lm deposition chamber under an ordinary 
temperature of blanket W-CVD. After gases are en 
tirely exhausted from the chamber, WF6 gas and H2 gas 
are introduced with a carrier gas, thereby depositing a 
tungsten ?lm. 
Although the above description has been made‘ only 

with reference to a method of reducing WF6 with H2 
gas, the method and the apparatus according to the 
present invention are also applicable to a blanket 
W-CVD process of reducing WF6 with SiH4 gas. 
FIG. 13 is a sectional view showing an exemplary 

semiconductor device to which a metal thin ?lm formed 
according to the present invention is applied. Referring 
to FIG. 13, numeral 50 indicates a silicon substrate, 
numerals 51, 52 and 53 indicate impurity diffusion lay 
ers, numerals 55 and 56 indicate word lines, numeral 54 
indicates a ?eld shield plate, numeral 58 indicates a 
polysilicon storage node, numeral 58 indicates a 
polysilicon cell plate, numerals 60 and 61 indicate inter 
layer isolation ?lms, numeral 62 indicates a plug, nu 
meral 63 indicates a TiN layer, numeral 64 indicates a 
tungsten plug obtained by etching back CVD-IV, nu 
meral 65 indicates another TiN layer, numeral 66 indi 
cates a tungsten ?lm, numeral 67 indicates a tungsten bit 
line, numeral 68 indicates an interlayer isolation ?lm, 
and numeral 69 indicates aluminum wires. 

In such a memory cell for a DRAM, tungsten ?lms 
formed according to the inventive method can be ap 
plied to the tungsten plug 64 which is formed on the 
TiN layer 63, the tungsten ?lm 66 which is formed on 
the TiN layer 65, and the like. 
Although the present invention has been described 

and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 
What is claimed is: 
1. A method of forming a metal thin ?lm for a semi 

conductor device by chemical vapor deposition on an 
intermediate layer provided on a substrate, said method, 
performed in a reaction vessel having ?rst, second and 
third chambers, comprising the sequential steps of: 

activating a surface of said intermediate layer by 
introducing a halide gas of a metal for forming said 
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16 
transferring said substrate having said intermediate 

layer to the second chamber and forming nuclei on 
said activated surface of said intermediate layer by 
introducing a silane-system gas onto said surface of 
said intermediate layer; and 

transferring said substrate with said intermediate 
layer formed with said nuclei to the third chamber 
and introducing said halide gas and a reducing gas 
onto said surface of said intermediate layer formed 
with said nuclei, thereby depositing said metal thin 
film on said surface of said intermediate layer. 

2. A method in accordance with claim 1, wherein said 
metal thin ?lm comprises a tungsten thin ?lm, said hal 
ide gas comprises WF6, and said silane-system gas com 
prises SiH4. 

3. A method in accordance with claim 2, wherein said 
intermediate layer comprises a TiN layer. 

4. A method in accordance with claim 1, wherein said 
metal thin ?lm deposition step comprises a step of using 
H2 gas as said reducing gas.‘ 

5. A method in accordance with claim 1, wherein said 
metal thin ?lm deposition step comprises a step of using 
SiH4 gas as said reducing gas. 

6. A method in accordance with claim 1, wherein said 
substrate is a semiconductor substrate. 

7. A method in accordance with claim 1, wherein said 
substrate is an insulating ?lm formed above a semicon 
ductor substrate. 

8. A method of forming a metal thin ?lm for a semi 
conductor device by chemical vapor deposition on an 
intermediate layer provided on a substrate, said method 
comprising the steps of: 

activating a surface of said intermediate layer by 
introducing a halide gas of a metal for forming said 
thin ?lm while arranging a metal face of said metal 
close to said surface of said intermediate layer; 

forming nuclei on said activated surface of said inter 
mediate layer by introducing a silane-system gas 
onto said surface of said intermediate layer; and 

introducing said halide gas and a reducing gas onto 
said surface of said intermediate layer formed with 
said nuclei, thereby depositing said metal thin ?lm 
on said surface of said intermediate layer. 

9. A method in accordance with claim 8, wherein said 
metal thin ?lm comprises a tungsten thin ?lm, said hal 
ide gas comprises WF6, and said silane-system gas com 
prises SiH4. 

10. A method in accordance with claim 9, wherein 
said intermediate layer comprises a TiN layer. 

11. A method in accordance with claim 8, wherein 
said metal thin ?lm deposition step comprises a step of 
using H2 gas as said reducing gas. 

12. A method in accordance with claim 8, wherein 
said metal thin ?lm deposition step comprises a step of 
using SiH4 gas as said reducing gas. 

13. A method in accordance with claim 8, wherein 
said substrate is a semiconductor substrate. 

14. A method in accordance with claim 8, wherein 
said substrate is an insulating ?lm formed above a semi 

thin ?lm onto said surface of said intermediate 60 conductor substrate. 
layer in the ?rst chamber; 
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